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quantities defized in equations (22) and (31)
sbbreviations for leading edge and trailing edge

respactively
uodified aspect-ratio parameter defined by a~» gk
san Hach nuber |

1if% per uwnit arse

pamic pressure defined by q = % pvd
guantitise defimed in eguations (21), (29), and (30)
areas of integration identified in Appendixz 4
frea-gtrean velosity
distwridbuted spanwise 1if% seaswred positive wward
dlstributed spanwise moment sbout irailing edge taken us
positive leading edge wp
distributed spanwise second moment about trailing edge
sonstant angle of attack
¥ach nusber parmseter defined by § = \/MC -1
emm cwrvature distribubion
ige angle-of-atiack distribubion
agrn) mlmfwtm wmﬁ
perturbation veloelly potentisl




Coordinate zystens:
Xy or M8 conventional dimensionsl coordinstes in chordwise,
spanwise, and verticsl direstions, respectively

%56y nondimensional chordwise coordinates defined by xy = %
yy or 7y  nondimensionsl spamwise coordinates defimed by ¥ = §,
, o - ?
Subeeripts:
& denotes antisymmetrieal deformstion
8 denctes symmetrical deforwmation
5 refers to angle-of-sttsck distribution of 7(y1)
® refers to angle-of-attack distridbution of &(yy)

g ‘refars to general angle-of-attack distribution
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The advent of high-speed {light of low-aspestraiio Lifdling swisces
hag brought with 1% the recogaition of the importance
behavier of swh struwstures. By seroslsstic behavier iz usant the
response of the flaxibls, slastic
flight. The structurally deforasd

) iing to that which would be present if ths wing ware .
rigid., This additional loading way serve as & damping facter by

sreasing the effsctive angle of attack, and hence the loading; or it

zay tend o ineresse ihe sngle of atiack resuliting ia increased loeding
twraional divergense. Thw 1% is_
seen that kmowledge of the serodynsmis "struwstwral® leoading of wing
surfages iz lmportant to the suscesaful design of high-spes

In the presemt state of theorobtical development (reference

csplexity of servelastic snalyses netessitates the use of linearise

theories ~ both structural and aerodynand - A 3
theory, it 1s possible to separate that part of the angle~of-attack
distribution of 2 swiace Durnished by its strustural deformation from
the whole, and comsider its effects independently. Since the behavier
of the rigid swiace is luown, in generdl, 1t is only necessary %o
analyse the deformed sufase and its resultant loading. Such an
analysis wes performed by ledgepeth and Kell (reference 3) in cemmeetion
with the mercelastic rolling behavisor of 2 restangular wing at steady
supersonie speeds.

to the point of fallwre, a8 in wing




m?m

&n asroelastic analysis of the type employed in the above reference
wdes itself maturslly into thres parts:

Rpe determination 'of the defarmations of the surface (with ;

ense o its angle~of-attack distribution) resulting froa

an arbitrary loading ' :

{2) The detersivation of the aerodymamic loading of the swface.
resuliing from an arbitrary angle-of-atitack distribution

(3) The formulation of the asroslastic yroblem by & proper soubi~
nation of the above structural and aerodynamie ingredients,
and the resulting solution, if possible.

_ The delte configuration is one of the more popular high-speed
1ifting surfaces at present. Furthermore, the present design trend of
thicker cover sheeis with minimus ampunts of chordwise stiffening would
resilt (in the 1imit) in thin, solid wings. |

A structural anslysis of thin, solid delts wings, suitable for
incorporation in an serocelastic analysis similar to that outlined above,
has been performed and experimentally verified (referemcs 1). In this
‘thesis, the aerodynamic losding of sush a delta configuration resulting
from its arbitrary struotural deformatdon in steady flight is cbtained.

The derivation was guided by the strusiwral analysis (reference 1)
to the extent of specifying the chordwise deflsetion shape, and covers
both sysmetwical and satisymmetriscal angle-of-attack distributions. The
results are presented in influence function form and oan thus be Applied
20 deteraine the loading of the delta wing resulting from other angle-
of-attask distributions than that furnished by ite structural deformatien.

-




It is desired to determine the ssrodmenic losding imposed on s’
thin, flexidle, delta wing resulting from its structural deformation in
steady supersonic flight. Linearised asrodynamics will be assumed
mmmm anslysis.

The geneval mﬂw&t@a o be amalysed consists of a pair of
thin, solid flexible wings of trisngulsr plan fora attached along root
lines %o & rigild rectangular plate corresponding to » fuselsge section.
The model i¢ placed horisontally in an airstresn of Mach nusber K
parallel to the fuselage oenter lins. In this positicn the leading
mmmmmmmmmmammx.‘

The origin of coordinstes is chosen at the interssction of the
meamn@sm@m(mwwmmm‘
edge forward). In accordance with standard asrodynanic convention, the
x axis 4s taken in the streamrise direstion, and the y axis rwuns out~
board along the right wing trailing edge. The s (or w) axis is then
taken as positive upward, thus mum;axmmm. &
labeled skeWoh of he canfiguration is given in Figwe 1 togsthsr with
the coardinate system chosen.

For conveaience, mcmmmmmer’m.ﬂg;mw
dimensionalized with respsct to reference dimensions of the su-face;
the x coardinste is nondisensicualised with respect to the root chord
length oy and the ¥ Wﬁﬁ%mﬁ%wwm
semispan 1. m process 1s aaaplahdbymifyﬁm the nondimensionsl
body width ae 2;.




Figure 1.- Qeneral configuration considered with dimensional
coordinates given.
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The fuselage or body section is held at sero angle of attask every-
where, while the flexible wings are allowed to deform either symmetrically
or antisymsetrically with respect to the fuselage center line. If the
local angle of attack for the right wing is given in mondimensional
coardinates by 9(x;, 7;), then symameirical dsforsation (Figure 2(a)) is
sharasterised by | -

axy, -2 « 31) = g(xy, 7y) (1)
and antisyametrical deforsation (Figurs 2(b)) by
oxy, ~28 - 7)) - ~fx, y1) (2)

From the symetry (or antisymetry) of the dsformation, it is seen
that the resulting asrodynanic loading must slso be symustrisal {or
sntisymmetrical) in the sams manmer, Hense it will be sufficient to
mwmmlmmzwmrwm“mmﬁwmm
attack distribution of both wings.

Structural analyses of thin solid trisngular v:lm of the type man
eidered hare were made in refevense 1. Influsnce cosfficients were
calowlated by uamgwthmmmm m»wwﬂ»
wing in the chordwise direction. GCouparison with experisental results
revealsd that the parabolie ters must be inoluded in the assused chord-
wise defloction shaps in erder %o cbtain good agresment with the
measured angles of attack. The most gemeral angw~ntm distribution
resulting from this assuspidon varies linsarly chordwise and can be
written for the right wing as: '
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(a) Symmetrical deformation. d(xl, -y1 - 2a) = U(Xl, yi)-

(b) Antisymmetrical deformation. o(xy, -y; - 2a) = -o(x3, y1)-

Figure 2.- General deformations considered.



o(xy, ¥;) = 8(yy) + meg(yy) ' (3)

where 8(yy) and 7(y;) are arbitrary spanwise funotioms. &(yy)
describes the angle-of-attack distribution at the ‘trailing edge, and
7(71) is proportional to the chordwiss eurvatare distribution.

From the ensrgy methods approach of reference 1, it is seen that
in order to produce the required parabolic chordwise defleotion shape,
it is necessary to apply distributed spamwise 1ifts, mosents, and
second moments. Accordingly, it is desired to determine thess aero-
dynsaic loading functlons for the deformed wing. Becauss of the
linsarised serodynamics it is ﬁesaibh to separate the assumed angle-
of-attask distribution (equation (3)) into two parts 6(yy) and
xy0f (1), and to determine the loading for each part independently. .
Therefors, the distributed spanwise 1if% taken as positive upward
resulting from an angle-of-sttack distribution of 6(y;) is defined
as lg(y;) and that associsted with the angle-of-sttack distribution
of epxy(yy) 1s defined as 3 (y;). Similarly the distributed span-
wise moments about the trailing edge taken positive leading edge up
are detined respectively a3 mg(y;) end m(y,) and the distributed
gecond moments about the trailing aégam defined as aa(yi)
and 1 (5y)e |

In order to cbtain the loading impesed by an arbitrary angle-of-
mﬁek dlstribution of the form of equation (3), resort is made to the
step~supar position techniques first used by Frick and Chubd
{peference 2). For convenience snd wndarstanding of the method, the
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derivation is given somewhat rigorously in the appendix of this Thesis. .
There, for any finite wing surface, such as ths one considered bhere, it
ie shown by linear system theory that, if & positive wnit step angls of
attack given by a(x;, Yi) = Uy ~m) gim rise to the indicial 1ift
distribution 1g*(y;, M), then an abitrary angle of attack of 8(yy)
would produce the section 1ift:

1g"(ny) 'L‘x to*(rs W) ga%')'% (&)

Here 1(yy - m) 48 the well-imown step function defined by

ey
Uyy~m) = ,

And it follows that 4f a wnit ewrvatuwre step angls of attack of

slxy, 71) = xUy; ~ m) gives rise to the indicisl 1ift distribution
1y*(73s M), then sn arbitrary angle of attack of xjopr(y;) would
produse the section 1ift

(ny)
1, y) = j;l ‘7*(3'1: ﬁ)ﬁ%" dny (s)

snd similarly for the moment and second moment loading functions. The
hypothetical wait step mgla—af*atmk mmm' Uy - m) and
0y « m) mey be thought of as corresponding to & deflected flsp
aver & portion of a winx suwface. It is assumed t&t the gap is sealed
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betweon the deflected and undeflectad regions of the surface by & veriisal
membrane. BSoth of these distributions sre shown in Figure 3. It 42 seen
that the second gives, effectively, a nagative angle-of-attack distribu-
tion over the deflected region.

The asrodynasic eﬁarmm of a supersonie delta wing is fownd to
depend on the wodified sspect-ratic parameter u, defined by == g-a’é
whore p = \¥2 -1 for a Mach nwber ¥j; and g 1is the aspect ratis
of the exposed wing. The significance of this paramster will be dis~
sussed later in the thesis. Thare, it will be shown that for > y—i=
where 23 Ais the nondimensional body W, the above equations mey be
applied %o each wing independently, and the resulis appropriately com-
bined to cbtain the desired loading far the entire delta configwation.

This restriction (tm. is, n > i—&-é;)wm be assumed throughoud
the remsinder of the analysis so that the above separation of effects is
possible. The result is that the dependence of the loading on the body
width is removed. Thus, for the symasterically deformed wing, it is
apparent that the 1ift on edther wing mﬁlﬁng from the angle~of-abtack
distribution of the other is idsutisal st corresponding spanwiss stations.
Therefors, the partial mﬁonlit%m the right wing resulting from a
symetrisal angles of attack of o(y;) is given by (see equation (1))

to(n1)], = 1831 ¢ 1g%(-7y - 2) (6

while analogous reascning gives for the partial sestion 1ift on the
right wing resulting from an antisymmetrisal angle of attack of &(yy)
(ses equatien (2))



() U(X]_, 3’1) = X]_l(yl - 7]1)-

Figure 3.~ Illustrations of indicial angle~of-attack distributions.
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lolyy)|, = 3e*(rn) = 1gM(ny - ) (N

and siamilarly for the section 1ift resuliing from an angle-a!»étmk
distribution of 3‘1"3?(3’1)' The subsoripte 5 and A refer to sym~
metrical and antisymmetrical deformstions, respectively.

" Finally,” the totsl section 1ift on the right wing resulting from
the assumed angle~of-attack distribution (equation (3)) is obtained for
the symmetrically (or antisymsetrically) deformed wing by superposing
the partial section 1ifts (see equations (&) and (7).

Thus

W) = etn)]g * g e

1)), = %], * )], (9)
The sbove determination of total ssction 1ift was selected as an
example. The analysis and resulting equatioms can bs applled in s
similar manner to determine the total section wmoments on the right wing,
It now vemains only to derive the asrodynamie indicial loading functions.
Fron linssrized steady flow theory the 1ift per unit area of &
thin wing at an angle of attack ;z(xl, y1) 4s given by

kg 39,( )
Py(x, 1) = ;&i— —-ﬁ%ﬂ—- (10)

whare V i3 the velocity of the free stream; q 1is the dynsale
pressure defined by a-%ﬂz for s flow densily p; oz Ii» e
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root chord dimenmsion; and e.(x), ;) is the well-known porturbation
velocity potential resulting from the g:xm angle~of-attack distribution.

The resulting section loading is detelmined by integrating the
presswre distribution asross the local ehord, ?hva'

T.E.

Yoln) = erJ, o

Pg(x1s y1)éxy = #’% (0, ¥1) (1)
T.8.

. ol
%(7) = o L.E.

T.E.
X Py(x)y 71)éxy = %‘[I..E. olxy, nlén (12)

. ?,nEo s
~8,(yy) = o’ fz‘.x. va,(xyn)&l

T.B.
- 0'—83-

) Vog J1.5. 2y9,(xy, 7)ém (13)

where L.E. and T.E. refer to leading edge and trailing edge,
vespoctively. The final forms of equations (11)-(13) are sbteined by
substituting equation (10}, integrating by parts, and utilising the faot
that the potentis) must vanish at the 1‘!61&3 edge.

The problem is now redused to the determination of the indicisl
potential functions p(xy, ;) and o’(xl, ¥1) associated respectively
with step angles of attack of 1(y; ~m) amd xi(y - ny). From these
the indteisl loading functions can be determined by squations (11)=(13)
and from the indicSal losding fusetions, the total Section loading is
given through equations (L)=(9). 4 eimilar problem srose in connsstion
with an aercelastic anslysis of a supersonic rectaagular wing (nﬂmn 3)
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and was avtucked successfully by utilising the linsarised 1ifting suwface
theory of Ewverd (reference k). The elements of this theory are pre-
sented in the Appendix for convenience and discussed. Briefly, however,
the method invelves the well-known technique of replacing the wing
surface by & sheet of supersonic sources with strengths proportionmal to
the local slops. The potential at a point (x), ») on the wing
surface 45 then determined by integrating the sowrce potential distri-
' bution over a portion of the swface ocontained within the iach forecons
of the point.

Thus, for an angle-of-stiack distribution of ¢lx), ¥)

, ¥ o(8y, Wm)dey dm |
0 (xy, 7)) = 2 (1k)
o Voo \H‘Sg \ﬁ

&1)2 - 2(?’1 - m)a

8y, the Evvard ares of integration, is defined and discwssed in the
Appendix. The general charasteristics of the area are found to depend
on the aforementionsd modified aspect-ratio parsmeter, m. For = » 1,
the leading edge of the wing is swersoniz. That is, the component of
flow velocity normal to the leading edge 1s supsrsonic and the leading
edges are colncident with the Mach wave, the envelope of the foremost
Magh aftercones of the wing. For m < 1, howaver, the leading edges are
sbsonic snd lis behind or within the foremost Mach wave giving rise o
& disturbed flow field region whish influsnces the presswas on the
wing swrface. It is therefore necessary to conslder these cases
separately. At an esrlisr point a lower value of B was given
(Mf—}ﬁ). This restriction establishes the boundary for which
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points on the wing surface are influsnced by at most 2 single external
flow field. At the oritical valus, the Mach coms from the apex of either
wing passes through the tip of the opposite wing. Below this valus
of m, it would be necessary to consider the entire dslte surfece as @
wit. The metlods of Evvard can readily be extendsd to cover these
cases (ses reference k); W, it is felt that the reduced rangs at
applicability would not Justify the required additional effort. By |
restricting » to valwes above 'i'%'ﬁi’ it is possible to consider the
right wing as extending along iis leading and trailing edges to infinity
at the left. It is them only nesessary to caloulate the potentisls and
resulting losding for this model alons. Finally, from equation (1h)
and the assused step angle-of-attsck distributions, it is evident that
the effective Sy will be terminated at the step station my, that is,
8 will not extend inboard of this station..

The results of this snalysis and discussion folleow,

" Case I: Subsonic Leading Edges (m <)

Fer subsonic leading edges, a step angle-of-attack distribution of
the types described divides the semi-infinite wing model into tiwee
regions through the astion of the reflscted Mach wave (see Appendix).
These reglons and the effactive S for the potential at a point in
sach are QW in Figure k(a).

The required integrations (equatisns (11)~(1h)) necsssary to
derive the auredymm indicial loading functions are stralghtforward
though tedious and only the results will be yresented heve. It should
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(a) Subsonic leading edge (m < 1).
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(b) Supersonic leading edge (m> 1).

Figure k4.~ Sy for determination of indicial potential functions.
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be resarked, however, that the integrations required to determine the

potential are greatly facilitated by the introduction of the lach wave

or characteristic ccordinates of Evvard, ) |
l=m ’

19"(yy, m) = 4%<g =+17 %t (ry = m)(m ¢ 1)tanh 11&:]) {15)

. .
2"y, m) = @ %"’(m% {E‘ “yilm e 3) ¢ e 1)|By ¢

{y1 ~mXm+ 1)[& +yy(m~ 3) ~ my(m ¢ lﬂ mu“%,})
{16)

(1~ (yy = m)(Sa + 13)
By (yl, n) *a ( {l: m 1;!) A .

(30 + $)(a - 3)(n - m)?
; - mm..]xw

E" -2 (- m)2 «é_m)(a_* 3 .

202 |
m) (ng 2‘ + 5 (3, = m)m+ 1)“&”133}) (in

(18)

L, )=qS (;ﬁ%[ -y ¢+ a(yy - “1]3}.
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EQZJ m
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ny' (71, m) = T <- n(a » 1) {[ T I [lﬂnl
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Klﬁ\lﬁ.fm“m‘(l*nﬂﬁ.vyg (a1)

1+ gy - m(l*a) 1-m |
‘%”\I v%»?{ ’ ﬁ“*':mﬁ-&ﬁ‘h
(22)

1 - .
a\[l*m*%l*m)' fﬁfky}_ﬁl

Case II: Supersonic Leading Edges (m» 1)

For supersonic leading edges, tha step sngle of atiask with the
action of the Mach waves divides the wing surface inte fow reglous.
rwwummrmammmmaMwamwwm
the potential at a point is determined by integrating over the entire
wing surface contained within the Mach forecons of the peint. These
regions and the effective 8p for & peint in each are showm in
Figwre L(b).

Again the required integrations are tedious snd only the results
will be given here. |

¥or ﬂl-}—:—&gnﬁlz

n
\ )
1y, m) = 4 %E%—?i- saadg + (3 - wmﬁ"% ,
1w ‘ -
e

‘;gge{yl’ vql) = q% M

\Inawl ’ 1-m
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)
2
ﬂs*(n,m)'q"g(k[ ZL; rs *M%
, a* -~
(yy ~mH2~m -~ yl)unh"‘l%),
1 -
m-.—-—l’l<y1§m+w *(g};)

g2/ 21 - !3
n@*(?v ﬂl) = q ‘} < :';1) ):
B -

me—wtsn St

3 (1~ 7’1)3 -
ng'(y1, M) * ﬂi’?‘ %{W,m tan" 'Ry +

{3y = )2( 2., 2)
L 3 - l(rl - ﬂl)tmh'lxg}

1~ 1~
wm;ﬂsylﬂmﬁ..;&

' > (25)
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8 M7y, m)ﬂqﬁ- {.ﬁfl)m(l“l—?ﬁm“la -
;]K-L:-;[l - a1 - )3+ 200 - 3,3)(71 - )3+
w2(1- 3,78, *E’%‘k - B‘ﬂe(h- m)Stank K, +
%__3\[____1;;_2,_ iy -3 o - )[R @ - ? -
& (1= m)on - )+ 1-5393 (7 ~ m)ﬂ% .
%‘n““i)lgl"’ﬁz(”%ﬁ*%)*
- “L):(ng . a)@ 3w - @]m"%}

1~ 1-
M- ngm

~ (28)
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(m-l)[gf*mrl-nl(l*aﬂ
Brw “‘UE"%*MV@ (29)

Ry a‘V(I - m)2 - nz(y;, - m)2 - (39)

) 1+myy, -~ mil+mn) 1=~
L2m Vl*W%“%(i“ﬂ) ’ '31“’"“';:2‘{3’1{"31

> (3)

L+myy ~ il +m)?

S A PT oL Re
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In the preceding sets of indicial load equations, both swbsonic and.
supersonic leading edges, it is seen that the quantities enclosed by the

waparcnmm( )mmmmlm&mdwlym%

modified aspect-ratio parl:mw m. These nondimeneions) functions have
“the character of serodynamie influenmce cosfficients, and it is foasible
% calculate and tabulate thea for various values of = at disorete

_ spanwise stations.



Although the sslecticn of the angle-of-attack distridbution
{eguation (1)) was guided by a strustural deformation anmslysis, it is
seen that the genmerality of the angle~of-attack distribution is mot
restricted to struwtural considerations, That is, by propsr cholice
of 6(yy) mmd 7(yy) the loading resulting from many angle-of-stback
mmwm is imsediately obtained, il the loading resulting M
the angle of attesk of the fuselags osn be neglected. Thts restristion
1s necessary because the fuselage Section was assused to be hald st
mmo:nttwkﬁmwu. For sgample, the 1ift on the
delts wing at constant symmetrical angle of attack is given by: |

a[ten, 0) * tg%-2a = 1, O)]

Bowsver, the solution of such speoifis problems is readily obteined by
simpler methods. mmmmmmsmwsmmm
ence 3, the local twist shape invelving 6(y;) and 7(yy) is one of
mmwmwmmmmmzmﬁwuumm
retained.

One of the common stendy-state asroelastic phenomenon is the lose
of alleron sffectiveness in connsstion with the rolling behavier of a
wing. 7he antisymetrical supsrpositiom of the loading funeticuns
given bere is ismediately applicsble to the imvestigation of the
rolling behsvicor of the delts wing, in an asalysis similar to that
of refersnce 3. In the rolling problem 1% is seen that the flat plate



fuselage section oan be Shought of as sn idealisation of a eylindrinsl
fuselage is wing-body interference is meglsoted, thus furnishing a mors
practical model.

Another important steady-state sercelastic problem is that of wing
Sersional divergence. It is believed that the symsetrisel superposition:
of the indlels) loading functions will furnish the basis for an fxvesti-
gation of divergence of tte delte wing.



The sercdynamic loading of & delis wing having a linearly varying
chordwise angle-of~attack distribution given by

9(11» 71} - 9(71) g l,ﬁg?(?x)

wvhere 6(yy) and y(y;) sre arbitrary spanwise fuactions has been
cbtained. It is given in influence funotion form for indisial angle~
of~attack distributions and the arbitrary spamvise varistisn of the
sngls of attack is accounted for by superposition in the form of &
Dubsmsl’e integral. Possible spplications of the results in seroelastis
analysis have been pressnted and discussed.
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APFERDIX A. Determination of Potential of a Thin, Finite Wing
&t a Given Angle of Atlack

in reference L, in connection with the determination of the lift of
a thin wing at-supersonic speeds, Wwﬂﬁgmﬁ lifting
surface theory which is applicedls to thin wings of arbitrsry plan fors
and cross section in steady or unsteady flow. FPor the purposss of
expediting the present thesis, the elements of his work pressnted here
will be limited in scope so that they epply wnly to a trianguler wing
of amtr;eal cross section in steady flow.

mﬂemmmmanat&nawzwu sustaining wmm
mmmmmwmmmumwmmarm
wing and the twtﬁwhm(ﬂamhaﬁmlm%)yuthm
imaginary diaphrags which csnnat sustain pressure dm:mmu Over
all, & sheet of supersonic sources is spread with strengths propertional
%o the local slope of the surface of diaphraga.

nynmunamm,-uummmsmwman
'wmimmwalwmtmu&mbymhpumw
sowrse potential distridution over the areas of wing surface and
disphragn contained within the lach Torecous of the point, This scheme
is wed to evaluate the potential ab & poind on the wpper and lowey
surfsces of the flow fisld diaphragm. Application of the Bernoulld
equation wmiugmwwamgdmm%mmma
relationship between the local mlopes of the wing srrz'wi and those of
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the diaphragam contained within the Mach forecone of the point under

miﬂ&aﬁe&. This relationship is uved in evaluating the polential
| of a point on & thin wing of symmetrical eross section influsnced by a
single isclated externsl flow fisld. It is then shown that the inte-
gration over the portion of the flow fleld contained within the Hach
forecone of the point exacitly cancals that over the portion of the
wing which generated the flow field,

This 4s illustrated in Figore 5. There, it is desired to caloulate
the potantial at a point in the vicinity of & wing tip of eymmetrical
eross ssoction with a subsonic leading edge. For & point (x3, m) in
this regicn, the potential would mormally be caleulated by integrating
over the sntire ares within the Hach foresoms of the polnd, that is,
over Swl, ﬁwg, and 391, as shown, However, the anslysis of Evvard
ghows that the integration over 893 exactly cancels that over &’1"
or that the potential is determined by integrating over Bgy ouly.
This indicates that the wing avea % glves rise to the flow fisld
ares 8& since the potential is identical to that whichk wotld be
cbtained if the wing were cut off alomg line AB. It is seen that the
dcboard boundary of points (xy, y;) thus affectad can be established
by reflscting the Mach wave. For points (xg, yg) to the left of this
boundary, the potential is obtained by integrating over 833 the
antire wing area within the Mach ferm of the point.

For the triangular plan-fora wings considered in this report,
the presence (or absence) of an axternal flow fisld of the type
described i3 found to depend on the ¢haraster of the Maoch nusber of
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the mormal flow velosity of the leading edge. If the velscity componwnt
uawam,wlmwg.uww»osmmwmrm
Haoh wave liss abead of the leading edge. Honce there doess exist an
;gmxmmummmmmmwarmmmmm
sost Mach wave. ﬁm,»u the normal velocity is supersomic, tie
uml@cwwafwm%&ehumuammﬂ%mmw
mmammaeummwm:um,mmmuaan
point on the wing is cbtained by simply integrating over the portion of
the wing contained within the MHach forgoons of w point.

A% this point 48 is cenvenlsnt to introduce the modified aspest~
ratic pareneter n*ﬁ—-;. For m< 1 the leading edge is seem to be
subsonic, whils for m» 1 1t is suparscnis. Moveover it ie seen from
Pigure § that, as long ss the end of the reflected Hach wave pusses
through the trailing edge of the delts sonfiguration, points oo the
ﬂngwfm are influenced by at most & single flow fisld. The lower
bowdary of m for whish this is true, "“‘”‘*“‘1';1‘; 18 seen
to correspond to the value of = et whish the reflected Mach wave
passes Yhrough the tip of the opposite wing. Although Bvvard's theories
san be extanded to apply to the delta wing for =< T3 the rangs
of spplicsdility of the Tesults is redwied consideraily, and toess
cases will not be considered here.

In each case the comson sysbol 8 will be used to designate the
area of intepratien. Mmmmmm;mm:nmm
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resulting from an angle-of-attack distribution of g(xy, ¥y) is given

o ) = B e WABA T -



at an Arbitvaxy fmple of Attack

It 18 desived to detersine the 1ift reculting from an arbitrery
' sution over & wing, Gne solatien o
tepaladve angles of attack, Howsver, an ispwlsive angle of aitack
of Bils kind gives rise w0 infinite presiures and ths resulting difris
aities of eoaly#is, A move prosising approsch 1s that of & Dubswel
eos snd wswally sssocieted with Linser
, shanomema, Basioadly i% 38 & process of Step-wuerpoud
and waa firet used in cumnection With the determisation of 1126 dus o 4o
abitrary aglecof-attack dletribution by Frick and Chubb (referwnce £),
36 was later succesefvlly incarpareted in & asrcelastic analysis of &
giller wing by Hedgepeth and Eell (reference 3).
Ho uatbesatioal anslysis was given in the fovmer Feparts, howows,
wrigraband the sethed, I8 is therefore piven heve with referencs 40
 dnposed by an arbltvary anglo of attask of 6(yy) -with ¥
mwm that 6{0) » O Whad i, 0o oot defopmstion. A fyples
varistion of (y) wWith span is shown fn Figars 6, The span 18 Givided
ints B incremsnts of lengths dry (Lw 0y 2, R 4 o » H) by the sdavies],
gy Bush that wy e Lo The incremnts are defined by

Gy wvga oy  (Ae 020,01 g%}
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Figure 6.- Typical variation of © with span.
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If the 1ift distribubion resuliing from & unit step angle of sttack
of 1(# ~ 1) defined as zgﬂ*{y; n), then the 14Tt vesulting ﬂ'ei a step
angle of sttack of magnitude &(ny,,) - &ny) applied st the spamwise
station 73,y 48 given by

'[;{’ftm) - "{“h] 19°(7, M) * o 2%) ~a (3 my * engdemy
(82)

and the 1if% furnished by the aggregate of steps is then

% L—E - m_;) é(ud (:n ni + any oy (83)

In the limit ss N—> = and &ny— O siaultenecusly, the Lift
pesulting from the given angle-of-attack distributien of O(y) is given
w.

" idm Hnl L&’mﬁ) R ]

Yoy g
iy (¥) ;&jﬂatﬁ an, Ly (Y;’l,, %)Wl

o

and by the definition of $2 sad the Rigmenn integral, it follows that
.Q L % y

o' = [ 3% B o i

or in nondimensionsl ceordinates yy = §, m © 2



1 8
o = 15 ) S ey

{B6)



